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For the ﬁrst time we have obtained an analytical QED asymptotic formula for the γ γ production of two
lepton pair with equal or unequal masses.
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The total cross-section of two identical lepton pair produc-
tion at inﬁnite energy in γ γ collisions has been computed long
time ago [1–4], and the corresponding total and differential cross-
sections of different two pair produced have been obtained with
logarithmic approximation only [5]. We give here an analytical for-
mula for the asymptotic cross-section of the production of two
lepton pair in two-photon collisions. Two types of diagrams con-
tribute: peripheral and bremsstrahlung. At the level of the total
cross-section, only the ﬁrst ones give an asymptotic non-null con-
stant value. We proceed as the authors of reference [5] and keep
only the two diagrams (a) and (b) of their Fig. 1, neglecting too
their interference. The main ingredient used in our present ap-
proach is the factorization formula obtained in the framework of
a generalized helicity method for the Feynman diagram calcula-
tions [6].
2. The factorization formula
The corresponding differential cross-section is given by the ex-
pression (2.1) of reference [6] applied to our case:
dσ
dt dW 2 dW ′2
= W
2W ′2
8π3s2t2
[(
1+ ch2 θ)σTσ ′T
+ sh2 θ(σTσ ′L + σLσ ′T )+ ch2 θσLσ ′L] (1)
where s is the γ γ invariant mass squared, W and W ′ the two pair
masses, m and m′ the two lepton masses and −t the exchanged
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Open access under CC BY license.space-like photon squared mass. σT and σL are the transverse and
longitudinal cross-sections of virtual photoproduction at one ver-
tex, given in Appendix B of reference [6] and written here for
completeness:
σT = 4πα
2βW 2
(W 2 + t)2
(
3− β4 + 2t2/W 4
2β
ln
1+ β
1− β
+ 2 2t
W 2
+ β2 − 2− t
2
W 4
)
with β =
√
1− 4m
2
W 2
σL = 16πα
2βt
(W 2 + t)2
(
1− 1− β
2
2β
ln
1+ β
1− β
)
(2)
and σ ′T , σ ′L the analogous ones at the other vertex. iθ is the imag-
inary rotation angle between the two vertices planes [6]. Writing
ch θ = 2w − 1 with w = st
(W 2 + t)(W ′2 + t) (3)
we have sh2 θ  ch2 θ  4w2 for large center of mass energy. In
that case, the right hand side member of equation (1) factorizes:
dσ
dt dW 2 dW ′2
= W
2W ′2
2π3
(σT + σL)
(W 2 + t)2
(σ ′T + σ ′L)
(W ′2 + t)2 (4)
3. Analytic formula for two pairs γ γ production at inﬁnite
energy
After integrating over the invariant mass of each pair of differ-
ent masses leptons, we obtain when the γ γ invariant mass goes
to inﬁnity:
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9π
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0
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t2
F (X)F
(
X ′
)
with
X =
√
t
t + 4m2 , X
′ =
√
t
t + 4m′2 and
F (X) = 1+ 1
2
(
5X − 1
X
)
ln
1+ X
1− X (5)
The logarithm argument can be factorized using the following
parametrization, with 0 y  1:
X = (1− z)y
1− zy2 implying X
′ = (1+ z)y
1+ zy2 (6)
and z = m−m′m+m′ . We choose z > 0. Then with
dt
t2
= 1
2mm′
dy
y
1
X X ′
(7)
the cross-section is expressed as:
σ = 4α
4
9πmm′
1∫
0
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y
1
X
F (X)
1
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F
(
X ′
)
(8)
Introducing L(y, z) = ln( 1+zy1−zy ) we have now:
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X
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1
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4
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+ 1
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]
× [L2(y,1) − L2(y, z)] (9)
The product of logarithms has now disappeared and after inte-
gration, apart from logarithms and polynomials in u = 1−z1+z , we
recognize in:
P (u) =
1∫
0
dy
y
[
L2(y,1) − L2(y, z)]
= ln2 u ln 1+ u
1− u
− 2 lnu[Li2(u) − Li2(−u)]+ 2[Li3(u) − Li3(−u)]
= Λ3(u) − Λ3(−u) (10)
the difference of the two Kummer functions [7].
The ﬁnal result is with u = 1 or z = 0:
σ = 4α
4
9πmm′
{
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[
2
(
1
u
− u
)
lnu
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(
1
u
+ u
)(
2+ ln2 u)
]
+
[
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4
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32
(
1
u
− u
)2]
P (u)
}
(11)
When the two masses are very different, i.e. m  m′ in our
case:
σ  28α
4
27πm2
(
ln2 u2 − 103
21
lnu2 + 485
63
)
(12)
in agreement with the computation of [5], which in the case of
eeμμ production, agrees with the exact expression within a rela-
tive accuracy of 10−5.
For equal masses, the previous computation can be extended
to z = 0 and the expression obtained dividing by 2 in order to
take into account the effect of identical particles coincides with
the formula for identical pair production [1,2]:
σ = α
4
πm2
(
175
36
ζ(3) − 19
18
)
(13)
4. Conclusions
The analytical QED asymptotic formula (11) for the γ γ produc-
tion of two lepton pair with equal or unequal masses has been
obtained for the ﬁrst time.
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